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ABSTRACT

A collection of data processing algorithms which, used in
concert, are suitable for use 1n place of a high pass filter stage
in an eddy current inspection system and provide for a system
optimized to inspect test pieces for elongated defects running
parallel to the scan axis. The algorithms use mathematical
techniques to eliminate baseline impedance offset between
test pieces, correct for offset driit during a scan, and allow for
system balancing using only a set of test pieces of unknown
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Digital Signal
Data
X, (0 <n <N)

Cn=Cn1 YeS
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The BIOC Algorithm is defined as:

WHERE :
X 1s the raw input data value
C1s the Correction Factor, defined as:

C_ = SLOPE * ADJ,

WHERE :

SLOPE is a constant value defined by the user?
ADJ 1s the Adjustment Index defined as:

ifn=0NX =0, ADJ = -1
ifn=00NX <0, ADJ_ = 1

if n>0 N |Y .| = THRESHOLD, ADJ_ = ADJ__.
ifn>0N |Y .| < THRESHOLD N Y_ .= 0, ADJ_ = ADJ__, -

:

if n>0 N |Y_,| < THRESHOLD N Y _ <0,  ADJ_

WHERE :
THRESHOLD is a constant value defined by the user?

A value for SLOPE is typically chosen to be twice the
average slope of the anticipated offset drift. |

‘A value for THRESHOLD is typically chosen to be just
less than the alarm gate setting.

FIG. 5B

—
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lllustration of BIOC Algorithm vs. High Pass Filter
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METHOD AND ALGORITHMS FOR
INSPECTION OF LONGITUDINAL DEFECTS
IN AN EDDY CURRENT INSPECTION
SYSTEM

BACKGROUND OF THE INVENTION

The present mnvention relates to the inspection of compo-
nents employing eddy current techniques, and more particu-
larly, to the processing of signals from an eddy current probe
array.

Any discussion of the related art throughout the specifica-
tion should 1n no way be considered as an admission that such
art 1s widely known or forms part of the common general
knowledge 1n the field.

Eddy current inspection 1s commonly used to detect flaws
in manufactured components, such as tubes or billets. An
ispection coil, typically referred to as an eddy current probe,
1s positioned near a piece to be inspected and driven with high
frequency alternating electrical currents which, 1n turn, create
an alternating magnetic field near the surface of the test piece.
This magnetic field induces eddy currents 1n the conductive
surface of the test piece which are sensed and measured by the
eddy current probe. If a flaw or defect 1s present on the surface
of the test piece, the flow of eddy currents will be altered, and
this change will be readily detected by the eddy current probe.
The amplitude and position of these current changes can then
be analyzed and recorded, for example through visual 1nspec-
tion by a test operator or processed through an automated
alarm algorithm, to determine the size and location of the
defect or flaw. Eddy current array systems comprise of a
plurality of mspection coils arranged 1n such a way as to be
conducive to a particular imnspection task.

Both single element and array probe eddy current mspec-
tion systems require probe balancing prior to scanning to
ensure that tlaw detection and sizing 1s accurate. Certain
unavoidable variations, such as exact probe placement,
manufacturing differences between coil assemblies, or envi-
ronmental variables, make it impossible to predict the exact
impedance readings sensed by the coil or coils 1n an eddy
current probe for a given surface. Balancing 1s a process by
which a reference reading for each coil in the eddy current
probe 1s measured and recorded. This reference value 1s then
subtracted from all subsequent measurements sensed by each
coil, pulling the baseline, or null point, of each impedance
reading to zero.

Complicating the 1ssue of coil balancing in an eddy current
probe 1s unit to unit vaniation among test pieces. Certain
factors, such as metallurgic discrepancies or geometric varia-
tions, will affect the impedance of each test piece, and there-
fore result 1n different eddy currents for the same magnetic
field. As aresult, the baseline measurement will shift from test
piece to test piece. This can be problematic for accurately
detecting and sizing flaws.

A second complication concerning probe balancing in
eddy current systems 1s what 1s typically referred to as base-
line drift. In this case, metallurgic, geometric, or temperature
variations, for example, along the scan path of a single test
piece cause the baseline impedance reading seen by each
eddy current coil in the probe to drift within the impedance
plane. While these impedance variations are typically antici-
pated by and within the tolerance of the manufacturing pro-
cess, they can limit the sensitivity of the eddy current inspec-
tion system and impede the detection of small defects.

In prior art systems, these baseline shifts—both those
resulting from test piece variation and those resulting from
baseline drift—were eliminated with the use of a high pass

10

15

20

25

30

35

40

45

50

55

60

65

2

filter, which would eliminate the DC component of the mea-
sured eddy current signals, thus moving the null point of the
test piece to zero regardless of the inherent impedance of the
test piece, and only pass fluctuations in the measured eddy
current signals, which would correspond to defects or flaws.
The use of a high pass filter 1s an effective solution to these
problems, but 1t also introduces a significant limitation. While
briel tluctuations in the measured eddy current signal wall
pass through the high pass filter relatively unaltered, a sig-
nificantly long defect, such as those likely to be present on a
steel tube or bar, will undoubtedly be distorted. This can
alfect the accuracy and, in some cases, even the detection of
a flaw or defect itself. Additionally, a high pass filter with a cut
ol frequency low enough to be of use, whether implemented
digitally or 1n an analog circuit, would require significant
resources and/or processing time.

A method proposed in U.S. Pat. No. 4,218,631 discloses a
method which uses at least one eddy current probe fixed 1n a
test head which allows the probe or probes to revolve around
a test piece. This technique, and variations thereof, has
become standard practice and should be well-known to those
tamiliar with prior art. Using such a method, a defect parallel
to the longitudinal axis of a test piece would be reliably
measured even with a high pass filter being used to process the
raw measurement data. However, such a method invariably
requires a complex mechanical fixture, which will increase
the cost and decrease the reliability of the test system and
significantly limit the speed at which units can be tested. In
addition, such a method 1s only useful for cylindrical test
pieces.

Other related and background art can be found in U.S. Pat.
Nos. 3,152,302, 4,203,069,3,906,357, 4,673,879, 4,965,519,
and 5,371,462. The contents of the aforementioned patents
are incorporated by reference herein.

Accordingly it would be advantageous to provide a method
of processing signals from an eddy current array which elimi-
nated the effects of differing baseline impedances between
test pieces and those of baseline drift while not distorting
actual defect data. Further, it would be advantageous if this
method were mechanically simple to implement and condu-
cive to high scan rates. It would also be advantageous 1t this
new method were applicable to bars with cross sections of
geometries other than round, such as, but not limited to, oval,
rectangular, and hexagonal. It would also be advantageous 11
this new method could be implemented without using an
exceeding amount of system resources or processing time.

SUMMARY OF THE DISCLOSUR.

(L]

It 1s an object of the present disclosure to overcome the
problems associated with prior art. The present disclosure
does this by replacing the high pass filter of the typical prior
art eddy current array system with a system of processing
algorithms designed to iteratively eliminate the normal
impedance baseline shifts between test pieces without distort-
ing defect readings. Used in concert, three algorithms
described below work to eliminate baseline offset sensed by
an eddy current probe while still allowing longitudinal
defects—defects running along the surface of a test piece
parallel to the scan direction—to be measured accurately.

The first of these three algorithms, the Mean Value Analy-
s1s Correction (MVAC) algorithm, 1s used to reduce the range
of the baseline ofiset resulting from the overall average
impedance shifts from test piece to test piece and 1s only
useiul when using an eddy current array probe. The MVAC
algorithm averages the impedance values measured by each
of the elements 1n the eddy current array—excluding those
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measurements outside a set range which could represent
legitimate defects or flaws—and then shifts the raw data
readings from each of the elements by this Mean Impedance
Value. In the preferred embodiment of the present disclosure,
this Mean Impedance Value 1s calculated once per test piece,
and all subsequent measurements on the test piece are shifted
by this value. In this way, a coarse adjustment will be made to
move the baseline impedance sensed by each element 1n the
eddy current array probe closer to the null point 1n the imped-
ance plane, thereby significantly reducing the potential base-
line shift between test pieces.

The second baseline offset correction algorithm, the Lim-
ited Initial Value Correction (LIVC) algorithm, 1s specifically
used to reduce the dispersion of impedance readings sensed
from each of the elements in the eddy current array probe.
Unlike the MVAC algornthm, the LIVC algorithm 1s usetul for
both single element and eddy current array probes. The LIVC
algorithm makes use of a pair of operator defined Translation
Factors to shift impedance readings closer to the null point 1n
the impedance plane. In the preferred embodiment of the
present disclosure, the LIVC algorithm 1s run once per test
piece, and a pair of Translation Parameters defined for each
clement 1n the eddy current probe array. These Translation
Parameters are then used to adjust all subsequent measure-
ments on the test piece.

The third algorithm, the Bounded Iterative Offset Correc-
tion (BIOC) algorithm, 1s used specifically to combat baseline
drift. The BIOC algorithm iteratively adjusts the impedance
readings from each measurement toward the null point in the
impedance plane using fixed value steps. The value of these
adjustment steps, referred to as the Slope Value, 1s set by a test
operator depending on test conditions and 1s typically
selected to be twice the average slope of the anticipated
baseline dnift. Defect measurements are preserved in the
BIOC algorithm by suspending the iterative adjustment
whenever the magnitude of a reading 1s outside the bounds of
a preset Threshold Value. This Threshold Value 1s set by the
test operator, depending on test conditions, and 1s typically set
to a value just less than the alarm gates. Like the LIVC
algorithm, the BIOC algorithm can be useful for single ele-
ment as well as array probe systems.

The present disclosure also provides for a series of eddy
current probe balancing, or null, algorithms which are spe-
cially designed to be conducive with the methods of the
present disclosure. These methods, combined with the BIOC,
MVAC, and LIVC algorithms, provide for a complete eddy
current mspection system optimized for testing for elongated
defects running parallel to the scan axis, referred to in the
present disclosure as longitudinal defects.

Accordingly, 1t 1s an object of the present disclosure to
provide a method for processing and interpreting data
acquired from an eddy current array probe ispection system
which eliminates the problems of baseline offset and baseline
drift without compromising the detection of longitudinal
defects.

It1s also an object of the present disclosure that this method
be mechanically simple to implement and require no rotation
of the eddy current probe relative to the test piece.

It 1s Turther an object of the present disclosure to provide a
method for balancing an eddy current array probe in a manner
conducive to a system employing these algorithms.

In the preferred embodiment of the present disclosure, a
ring shaped eddy current array probe 1s positioned around a
test piece, preferably an elongated bar. The impedance mea-
surements sensed by the individual elements are first shifted
by the Mean Impedance Value—determined by the MVAC
algorithm—then parametrically shifted again by a set of
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Translation Parameters—determined by the LIVC algo-
rithm—+to correct any baseline offset, then processed through
a low pass filter to reduce high frequency noise, and finally
adjusted by the BIOC algorithm to continually correct for any
baseline driit.

Other features and advantages of the present invention will
become apparent from the following description of the mnven-
tion that refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective drawing 1llustrating a typical eddy
current array inspection system;

FIG. 2 1s a block diagram of the eddy current inspection
system of the preferred embodiment of the present disclosure;

FIG. 3 1s a graphical representation of the Mean Value
Analysis Correction (IMVAC) algorithm;

FIGS. 4A-4C are graphical representations of the Limited
Initial Value Correction (LIVC) algorithm:;

FIG. SA 1s a flow chart illustrating the Bounded Iterative
Offset Correction (BIOC) algorithm;

FIG. 5B 1s a mathematical representation of the Bounded
Iterative Oflset Correction (BIOC) algorithm;

FIG. 6 1s a graph comparing the effect of the Bounded
Iterative Offset Correction (BIOC) algorithm to that of a
typical high pass filter on simulated raw data;

FIGS. 7TA-7C are flow charts 1llustrating the three balanc-
ing algorithms of the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

In prior art eddy current inspection systems, a high pass
filter 1s used on raw measurement data to eliminate any DC
olfset sensed by the elements 1n the eddy current probe array.
This DC offset can come from a variety of sources, such as,
but not limited to, temperature variation over the course of
testing and metallurgic or geometric differences between test
pieces, and can adversely impact the inspection process. A
high pass filter 1s well suited to eliminate this DC oifset,
however under certain conditions this same filter can distort
measurement data and impede the analysis and detection of a
defect. Moreover, a significantly long defect on a test piece
will be indistinguishable from DC offset to a traditional high
pass filter, significantly increasing the likelihood that the
defect will not be detected at all. The methods of the present
disclosure combine to eliminate the need for this high pass
filter.

FIG. 1 illustrates a typical eddy current inspection system
that would employ the methods of the present disclosure. A
plurality of eddy current coils 101 are arranged in a ring
shaped array 102 about a test piece 103. The test piece 103 1s
shown to have two defects. The first defect 105 1s a relatively
small flaw, oriented perpendicular to the eddy current probe
scan direction, and scan data taken over this flaw would likely
pass through the high pass filter of prior art eddy current
ispection systems without any significant distortion. How-
ever, the second defect 104 1s significantly long and oriented
parallel to the direction of the eddy current probe scan. In the
case of this second defect 104, data obtained from scanning
would most likely be distorted by the use of a high pass filter.

An imterface cable 106 transmits excitation signals from
the mstrument assembly 107 to the eddy current array 102 as
well as measurement signals sensed by the eddy current array
102 back to the mstrument assembly 107 where the methods
of the present invention will be used to process the recerved
data. Depending on the complexity of the eddy current




US 7,505,859 B2

S

inspection system, the instrument assembly 107 1s typically
either a handheld device or PC based system.

FIG. 2 illustrates—through the use of a simplified block
diagram—the preferred embodiment of the present disclo-
sure as 1t would function inside the eddy current 1nspection
system of FIG. 1. Although the following discussion of the
present disclosure speaks specifically to the implementation
detailed 1n FIG. 2, the present disclosure 1s not limited 1n this
regard. The methods of the present disclosure are applicable
to other implementation schemes including, but not limited
to, an 1implementation without a low pass filter 212 and an
implementation where the MVAC algorithm 206 1s run more
than once per test piece 201. The methods of the present
invention are also applicable to other eddy current probe array
configurations, such as, but not limited to, linear, wedge, and
rectangular and other test objects, such as, but not limited to,
pipe welds, metal plates, and shaped coupling pieces.

Test signals received from the eddy current array probe 202
as 1t scans the test piece 201 are processed and digitized
through analog circuitry 204. Numerous methods for pro-
cessing and digitizing the raw analog signals from the eddy
current array probe 202 are well-known to those familiar with
the art and are not specific to the methods of the present
disclosure. The proximity sensors 203 detect the leading edge
ol a new test piece and alert the proximity detector block 205.
The proximity detector block will then enable new adjust-
ment parameters from the MVAC algorithm block 206 and the
LIVC algorithm block 209 to be loaded 1n the registers 207

and 210, respectively.

The MVAC algorithm block 206 makes a coarse measure-
ment of the baseline impedance of the new test piece, and this
value—referred to in the present disclosure as the Mean
Impedance Shift Value—is used to shift every subsequent
data point, compensating for the overall average impedance
change present on the new test piece. The LIVC algorithm
block 209 calculates a set of Translation Parameters for each
clement in eddy current probe array 202, and these values are
used to adjust each subsequent reading, significantly reduc-
ing the dispersion of measurement readings between the dii-
terent elements of the eddy current probe array. The MVAC
algorithm 206 and the LIVC algorithm 209 and the relevance
of the Mean Impedance Shift Value and LIVC Translation
Parameters are discussed in detail in subsequent sections
below.

Digitized data 1s passed through a low pass filter block 212
to eliminate any high frequency noise sensed by the eddy
current array probe 202. The filtered data 1s then adjusted by
the Oflset Correction Factor calculated by the BIOC algo-
rithm 213. The BIOC algonithm 213 iteratively adjusts the
baseline impedance of the test piece 201 (as sensed by the
eddy current array probe 202) to the null point 1n the 1imped-
ance plane. To prevent distortion of potential defect data, this
iterative adjustment process 1s suspended when data readings
exceed a specified threshold. The BIOC algorithm 213 and
the calculation of the correction factor are discussed 1n detail
in a subsequent section below.

Once corrected by the BIOC algorithm 213, the adjusted
probe data 1s passed on to the instrument circuitry 216 where
it can be analyzed by other digital signal processing algo-
rithms, displayed to the user, stored for later analysis, or
checked against alarm algorithms.

MVAC Algorithm

A significant source of overall baseline impedance varia-
tion between test pieces comes from metallurgic and geomet-
ric variations among the test pieces themselves. Even 1n an
ideal case where an eddy current array inspection system
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were perfectly calibrated and balanced using a precise stan-
dard or golden unit prior to testing, variations 1n the manu-
facturing process or ambient temperature changes, for
example, would undoubtedly result in differences 1n the base-
line 1impedance sensed by the eddy current probes. These
unavoidable impedance differences represent a significant
hindrance to the sensitivity of the eddy current inspection
system, and therefore, an algorithm 1s required to minimize
these overall average impedance shifts at the beginning of
cach new test piece.

FIG. 3 illustrates this new algorithm, referred to in the
present disclosure as the Mean Value Analysis Correction
(MVAC) algorithm. When a new test piece 1s detected by the
eddy current inspection system’s proximity sensor, the
impedance measurements from each of the elements 1n the
eddy current probe array are averaged to calculate the base-
line impedance value—represented by the dashed cross
302—of the new test piece. To prevent any defects 1n the test
piece or damaged array elements from erroneously shifting
this calculated value, only those readings which fall within a
predetermined range—represented by the dashed circle
301—are included 1n the calculation. The black circles 304
represent readings used in this calculation. The grey circle
305 represents a possible defect or otherwise bad reading and
1s removed from the calculation.

A Mean Impedance Shift Value 1s calculated—by taking
cither the mean or the median of the valid impedance read-
ings—representing the delta between the calculated baseline
impedance value 302 and the “null point” 1n the impedance
plane, represented by the solid cross 303. All subsequent
measurements made on the test piece—including those out-
side the predetermined range 301—are then shifted by thas
delta value for the remainder of the test scan. As can be seen
from FIG. 3, this shift significantly reduces the baseline
impedance offset of the new test piece.

LIVC Algorithm

As can be seen from FIG. 3, the MVAC algorithm 1s an
cifective means of shifting the overall average impedance
sensed by the elements of the eddy current probe array to the
null point 1n the impedance plane 303. However, the indi-
vidual impedance readings 304 from each element are still
widely dispersed about the null point 303. This dispersion 1s
a result of the localized metallurgic and geometric variations
sensed by each of the individual elements 1n the eddy current
probe. An algorithm 1s required to adjust for these offset
variations between test pieces on an individual element basis.
FIGS. 4A-4C illustrate just such an algorithm: the Limited
Initial Value Correction (LIVC) algorithm. Working 1n con-
cert with the MVAC algorithm, the LIVC algorithm can be
used to further reduce the baseline offset of the eddy current
measurement data by minimizing measurement dispersion in
the impedance plane.

FIG. 4A represents measurement data that has been pro-
cessed by the MVAC algorithm. Each of the black circles 402
in the impedance plane 401 represents an impedance mea-
surement from an element 1n the eddy current probe array.
The adjustments made by the MVAC algorithm have ensured
that the impedance readings are generally centered about the
null point 403, however there 1s still a significant amount of
dispersion among the measurement readings 402.

FIG. 4B 1llustrates the application of the LIVC algorithm.
A pair of Translation Factors, termed X 404 andY 405, 1s set
by the test operator. As can be seen from FIG. 4B, the X
Translation Factor 404 defines a rectangular area 406 in the
impedance plane 401 symmetric about the vertical axis, and
the Y Translation Factor 405 defines a similar area 407 sym-
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metric about the horizontal axis. The Translation Factors are
used to parametrically adjust each of the impedance readings
402 and define a set of Translation Parameters—represented
by the arrows 408 and 409—1for each element 1n the eddy
current probe array. Measurements falling outside of both
shaded areas 406 and 407 are shifted toward the null point 403
in both the horizontal and vertical directions by the X 404 and
Y 405 Translation factors respectively. Measurements falling,
inside the horizontal shaded area 407 but not the vertical
shaded area 406 are shifted to the horizontal axis in the
vertical direction and toward the null point by the X Transla-
tion Factor 404 in the horizontal direction. Likewise, mea-
surements falling inside the vertical shaded area 406 but not
the horizontal shaded area 407 are shifted to the vertical axis
in the horizontal direction and toward the null point by the Y
Translation Factor 403 1n the vertical direction. Finally, mea-
surements falling iside both the horizontal shaded area 407
and the vertical shaded area 406 are shifted exactly to the null
point 403. The magnitude and direction of each shiit—unique
tor each element 1n the eddy current probe array—are defined
as the Translation Parameters for each element and, again,
best represented by the arrows 408 and 409. In the preferred
embodiment of the present disclosure, the LIVC algorithm 1s
run once per test piece, the entire set of Translation Param-
cters for the eddy current probe array stored, and all subse-
quent readings adjusted by those parameters for the remain-
der of the test scan.

FIG. 4C represents measurement data after 1t has been
adjusted by the LIVC Translation Parameters. Measurement
readings 402 are still centered about the null point 403, but are
now grouped tighter around that point, significantly reducing,
baseline oifset.

BIOC Algorithm

The MVAC and LIVC algorithms work 1n concert to cor-
rect for any baseline impedance variation between different
test pieces 1n an eddy current array inspection system. How-
ever they do nothing to correct for impedance variations seen
along the scan axis of individual test pieces. Impedance non-
homogeneity along the scan axis of a test piece canresultin a
phenomena typically referred to as baseline drift, where the
baseline impedance sensed by an eddy current probe tends to
drift within the impedance plane over the course of the scan.
Without a high pass filter in the system to correct this, a new
algorithm 1s required to specifically target baseline drift.

The Bounded Iterative Offset Correction (BIOC) algo-
rithm 1s implemented by driving the data signal sensed from
cach of the elements 1n the eddy current probe array toward
the baseline, or null point, 1n the impedance plane 1n relatively
small, iterative steps defined by a constant, predetermined
Slope Value. For measurements whose magnitudes are
greater than a predetermined Threshold Value—thus indicat-
ing a potential defect—this driving adjustment 1s suspended
to preserve the measurement data. The Slope Value 1s typi-
cally chosen to be twice the average slope of the anticipated
baseline drift. This would be a value well-known to a test
operator for a given test setup and would typically be deter-
mined empirically when an eddy current inspection system
was lirst installed. The Threshold Value 1s typically chosen to
be a value just less than the alarm setting to provide some
hysteresis between readings which are considered baseline
driit errors and those which are considered legitimate defects.
Again, the required delta between the Threshold Value and
the alarm setting would be typically determined empirically
when an eddy current mspection system was {irst installed.
The use of a low pass filter (as shown 1n FIG. 2) can signifi-
cantly reduce the required delta between the Threshold Value
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8

and the alarm setting by eliminating or greatly reducing the
high frequency noise on the measurement signal.

FIG. 5A presents the BIOC algorithm 1n the form of a flow
chart while FIG. 5B presents the same 1n mathematical terms.
Either or both of these figures should be used to aid the
following detailed discussion of the BIOC algorithm.

After every measurement, a correction factor (C ) 1s added
to the raw data point (X)) to produce a corrected value (Y).
On the first cycle of the algorithm (n=0) the correction factor
(C,) 1s mitialized based on the s1gn of the first raw data point
(X,). If the first raw data point (X,) 1s positive, representing a
reading above the baseline or 1n the upper two quadrants of
the impedance plane, the correction factor (C,) 1s mnitialized
to the negated preset Slope Value (-S). If the first raw data
point (X, ) 1s negative, representing a reading below the base-
line or 1n the lower two quadrants of the impedance plane, the
correction factor (C,) 1s mitialized to the preset Slope Value
(S).

Under normal conditions—when the magnitude of the pre-
vious corrected value (Y,_,) 1s within the set threshold
range—the correction factor (C, ) 1s adjusted each time before
it 1s added to the raw data point (X ). This adjustment 1s based
on the sign of the previous corrected value (Y, ;). If the
previous corrected value (Y, ) was positive, representing a
reading above the baseline or 1n the upper two quadrants of
the impedance plane, the correction factor (C,) 1s decreased
by the slope value. If the previous corrected value (Y, _, ) was
negative, representing a reading below the baseline or in the
lower two quadrants of the impedance plane, the correction
tactor (C, ) 1s increased by the slope value. In this way, any
signal drift, either positive or negative, sensed by the eddy
current probe will be canceled out over the course of the first
several measurements.

Contrary to this normal operation, when the magnitude of
the previous corrected value (Y, _,) 1s outside the set thresh-
old range—most likely indicating a defect 1n the test piece—
no adjustment to the correction factor (C,) 1s made, and the
previous correction factor value (C, _,)1s used. In this way the
correction algorithm will preserve any potential defect data
while still maintaining DC offset compensation.

FIG. 6 graphically illustrates the function of the BIOC
algorithm by plotting simulated impedance readings as one
dimensional scalar values (the vertical component of the sig-
nal from a single element in the eddy current probe array).
The short dashed curve 601 represents raw, uncorrected data
showing a steady and constant baseline drift (about 0.1 counts
per measurement). The solid curve 602 represents the simu-
lated data corrected using the BIOC algorithm. For the first
forty measurements, the baseline drift 1s compensated for,
and the baseline impedance 1s held around zero and remains
there until a tlaw 1s detected. At that point (at measurement
#40) the oflset correction adjustment value 1s held constant,
and no alteration 1s made to the defect data measurements, as
can be observed by comparing the shape of the solid curve
602 to that of the short dashed curve 601 between measure-
ments #40 and #58. Note that once the defect has passed, the
iterative adjustments to the correction value resume, and the
baseline offset quickly returns to zero. For comparison, the
long dashed curve 603 represents the simulated data pro-
cessed through a typical high pass filter. The baseline driit 1s
eliminated, but the defect data between measurements #40
and #38 1s significantly distorted.

Eddy Current Array Probe Balancing

The MVAC, LIVC, and BIOC algorithms disclosed 1n pre-
vious sections work to correct baseline oftsets associated with

impedance changes between or along test pieces. However,
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all three of these algorithms require that the eddy current test
probe be reasonably balanced before testing begins such that
any significant baseline offsets sensed by the eddy current
probe can be known to come only from test piece impedance
variation. Given this, it 1s reasonable to assume that an eddy
current test system employing the algorithms of the present
disclosure would require more accurate probe balancing than
prior art systems. To provide for this, the following three eddy
current probe balancing algorithms are disclosed, which are
simple to execute and can be performed with test pieces of
unknown quality.

FIGS. 7A-7C illustrate three eddy current probe balancing,
or NULL, algorithms through a series of tlow charts. All three
algorithms balance an eddy current array probe without the
need for an 1deal measurement standard or golden unit, and as
such can be conveniently run much more often than prior art
balancing algorithms. For the following discussion, 1t 1s
assumed that the eddy current test system has been first cali-
brated such that any actual defect—that 1s a legitimate physi-
cal defect on a test piece and not an erroneous artifact of
improper probe balancing—will appear 1n the positive half of
the impedance plane. Such a calibration process should be
well-known to those skilled the art. With such a setup, the
positive envelope of the signal can be used for defect detec-
tion, and 1ts negative equivalent can be used for eddy current
array probe balance quality validation.

The first method, 1llustrated 1n FIG. 7A, 1s useful 1n a test
situation 1 which 1t 1s possible and convenient to scan and
rotate one test piece several times 1n a row. The elements of
the eddy current array are mitially balanced using a test piece
of undetermined quality. The same test piece 1s then returned
to the start of the inspection process and rotated. The degree
of rotation 1s arbitrary so long as the individual eddy current
array elements mspect a section of the test piece difierent than
during the first inspection. If an elongated defect 1s detected
during the second inspection in the balancing zone on the
leading extremity, the test specimen 1s discarded and the
process 1s repeated with the next test specimen until there 1s
no defect detected 1n the balancing zone.

The second method, 1llustrated 1n FIG. 7B, 1s useful 1n a
test situation in which a test piece may only be tested once,
and a decision as to the quality of the test piece must be made
immediately after 1ts first and only test scan. The elements of
the eddy current array are initially balanced using a first test
piece ol undetermined quality. This first test piece 1s then
considered defective and discarded to the failure bin. A sec-
ond test piece 1s then mspected. If the scan of the second test
piece 1s completed without any of the elements of the eddy
current probe array providing an output which extends into
the negative half of the impedance plane, then the second test
piece 1s considered passed, and the eddy current probe con-
sidered balanced. However, 11 any of the probe array mea-
surements do extend into the negative half of the impedance
plane, 1t 1s assumed that improper balancing has occurred on
the first test piece. Scanning of the second test piece 1s halted,
and the elements of the eddy current array are rebalanced
(using the second test piece). The second piece 1s then con-
sidered defective and discarded to the failure bin. A third test
piece 1s then chosen and the validation scan process repeated.
The cycle continues until a test piece 1s scanned, after a
balancing cycle, without any of the elements of the eddy
current probe array producing a negative measurement.

The third method, illustrated in FIG. 7C, 1s usetul 1n a test
situation 1 which a test piece may only be tested once, but a
decision as to the quality of the test piece may be postponed
until a second test piece has been scanned. The elements of
the eddy current array are initially balanced using a first test
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piece of undetermined quality. This first test piece 1s then set
aside, and a second test piece 1s mspected. It the scan of the
second test piece 1s completed without any of the elements of
the eddy current probe array providing an output which
extends 1nto the negative half of the impedance plane, then
both the first and the second test pieces are considered passed,
and the eddy current probe considered balanced. However, 1f
any ol the probe array measurements do extend into the
negative half of the impedance plane, 1t 1s assumed that
improper balancing has occurred on the first test piece. Scan-
ning of the second test piece 1s halted, and the elements of the
eddy current array are rebalanced (using the second test
piece). The first test piece 1s then considered defective and
discarded to the failure bin, and the second piece 1s set aside.
A third test piece 1s then chosen and the validation scan
process repeated. The cycle continues until a test piece 1s
scanned, after a balancing cycle, without any of the elements
of the eddy current probe array producing a negative mea-
surement.

Although the present invention has been described in rela-
tion to particular embodiments thereof, many other variations
and modifications and other uses will become apparent to
those skilled in the art. It 1s preferred, therefore, that the
present ivention not be limited by the specific disclosure
herein.

What is claimed 1s:
1. An eddy current flaw detection system, comprising:

an eddy current array probe for inducing eddy currents in a
test object and for obtaining eddy current data from the
test object;

a processing system for processing the eddy current data;
and

a display system for displaying test results for the test
object;

wherein the processing system comprises a bounded 1tera-
tive offset correction (BIOC) facility which 1s structured
to reduce baseline drift by 1teratively adjusting imped-
ance readings from various measurements toward a null
point 1 an impedance plane.

2. The system of claim 1, further including a mean value
analysis correction (MVAC) facility that 1s structured to

reduce the range of baseline offsets resulting from average
impedance shiits from test object to test object.

3. The system of claim 1, further including a limited initial
value correction (LIVC) facility which 1s structured to reduce
the dispersion of impedance readings sensed from various
ones of sensing elements which comprise the eddy current
array probe.

4. The system of claim 1, including a low pass filter dis-
posed before the BIOC facility.

5. The system of claim 1, wherein the BIOC facility 1s
structured to reserve potential defect data while maintaining
DC offset compensation.

6. The system of claim 1, further including a proximity
detector that senses when the eddy current array probe 1is
within a predefined distance to the test object and for syn-

chronizing the MVAC and LIVC algorithms.

7. The system of claim 1, wherein the MVAC facility 1s
structured to exclude measurements obtained from the
MVAC facility which lie outside a set range of values which
1s associated with legitimate defects or tlaws.

8. The system of claim 1, 1n which the MVAC facility 1s
structured to develop one of the mean and the median imped
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ance value which 1s calculated once per test object, and uti- 10. The system of claim 9, wherein the translation factors
lized subsequently in the scanning of the test object. include a pair of factors associated, respectively, to x and v

. - - ST directions.
9. The system of claim 1, in which the LIVC facility 1s . . .
structured to utilize operator defined translation factors to 11. The system of claim 9, wherein the translation factors

o - . o . 5 1nclude a fixed vector.
shift impedance readings closer to a null point 1n an 1mped-
ance plane. £ % % ok ok
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